• Previous studies have shown that robot-assisted radical prostatectomy (RARP) can be performed in men with high-risk prostate cancer with similar outcomes to that of open surgery. However, most of the literature consists of small case series and compares RARP outcomes to open outcomes from the literature.
Objective
• To compare oncological outcomes in high-risk patients who underwent open retropubic radical prostatectomy (RRP) and robot-assisted RP (RARP) at a single institution. Despite equivalent oncological outcomes between open RRP and RARP, the use of RARP in men with high-risk tumours has been debated.
Patients and Methods
• A retrospective analysis of high-risk patients treated with open RRP or RARP at UCSF from 2002 to 2011 was conducted.
• The relationship between surgical approach and positive margin rate was assessed by multivariate logistic regression • Cox proportional hazards regression assessed the effect of surgical approach on time to tumour recurrence.
Results
• In all, 177 open RRP and 233 RARP patients made up the final cohort for analyses. The mean (SD) age was 61.6 (6.6) years and the median (range) follow-up was 27 (2-112) months.
• RARP patients had less blood loss (median 200 vs 400 mL, P < 0.01) and underwent complete bilateral nerve sparing more often (54% vs 34%, P < 0.01) than those undergoing open RRP.
• There were no differences by approach in pathological grade, stage, or positive margin rates. However, there was a trend towards higher positive margin rates with RARP early on.
• Recurrence-free survival was similar at 2 years (84% and 79%) and 4 years (68% and 66%) after open RRP and RARP, respectively (log-rank P = 0.53).
Introduction
Despite a migration towards the diagnosis of more localised prostate cancer with serum PSA screening [1], Cox proportional hazards regression models were used to assess the probability of recurrence among RRP and RARP patients. This analysis was adjusted for similar covariates as well as surgical margin status and receipt of secondary treatments. There was no significant interaction between surgical approach and time of surgery. Secondary treatments were defined either as none, radiation, ADT or both. Hazard ratios (HRs) and 95% CIs are reported for the likelihood of cancer recurrence in RARP patients using RRP patients as a reference.
A sensitivity analysis was performed using a definition of any single PSA level of >0.05 ng/mL and/or the receipt of any salvage treatment for prostate cancer to define recurrence. This analysis was restricted to patients who had hypersensitive assays used for PSA detection.
Results
Among the 3643 patients with prostate cancer in our institutional database who consented for research, 555 were diagnosed with high-risk disease and treated with either open RRP or RARP since 2002. After exclusion of patients treated with neoadjuvant therapy or with inadequate follow-up, 410 men comprised the final cohort. Among these men, 177 (43%) were treated with RRP while 233 (57%) were treated with RARP. Figure 1 shows the flow chart for the selection of study patients. The mean follow-up was 48 months and 22 months in the open RRP and RARP group, respectively. Within 4 years, 49 men recurred in the RRP group of which 26 were due to PSA failure (53%), while 32 recurred in the RARP group of which 22 (69%) were due to PSA failure.
Baseline demographic and clinical information for patients are shown in Table 1 . The RARP patients differed from RRP patients in race/ethnicity and year of surgery (both P < 0.01), with most of the RARP patients having their surgery after 2006 compared with RRP patients of whom most had their surgery before 2006. The mean percentage of positive biopsy cores was lower in RARP patients than the RRP patients. The distribution of Cancer of the Prostate Risk Assessment (CAPRA) scores appeared similar between the open RP and RARP groups (Fig. 2 ). Perioperative and pathological information at the time of surgery is given in Table 2 . RRP patients had a longer hospital stay, more blood loss and a higher transfusion rate than RARP patients, as expected (all P < 0.01). More men undergoing RARP had complete nerve sparing procedures (54% vs 34%) and fewer had no nerve sparing (2% vs 8%), compared with those undergoing RRP (P < 0.01). There were no statistically significant differences in pathological tumour staging, Gleason grading, tumour volume or rates of extracapsular extension or seminal vesicle involvement between the open RRP and RARP patients. The positive margin rate was not significantly different between the RRP No neoadjuvant treatments; at least 2 PSAs or 6 months follow up n = 410
Open radical prostatectomy n = 177 (43%) Robot-assisted laparoscopic prostatectomy n = 233 (57%) (40/277 [23%]) and RARP (68/233 [29%]) patients (P = 0.13). RARP patients had fewer lymphadenectomies (63% vs 96%, P < 0.01) and less lymph node involvement (4% vs 15%, P < 0.01). Lymph node yield also was lower in RARP patients than in RRP patients (11 vs 15, P < 0.01). Adjuvant therapy was given in 13% of RRP patients vs 5% of RARP patients, while salvage therapy was given in 18% of RRP patients compared with 6% of RARP ( Table 2 ).
Multivariate logistic regression showed an increased trend toward more positive margins with RARP (P = 0.05) in patients who had their surgery before 2006 but no difference in the likelihood of positive margins by surgical approach in men who had their surgery after 2006 (Table 3) . There was no effect of pathological Gleason score on margin status, although higher pathological T-stage and PSA level appeared to predict an increased likelihood of positive margins.
RFS for RARP compared with RRP was 84% vs 79% at 2 years and 68% vs 66% at 4 years (log-rank P = 0.52; Fig. 3 ). There was no appreciable difference between RRP and RARP patients. Cox proportional hazards regression looking at predictors of tumour recurrence are shown in Table 4 . There did not appear to be any difference in the probability of recurrence between RARP and open RRP.
Finally, we performed a sensitivity analysis using any PSA level >0.05 ng/mL to define prostate cancer recurrence, which failed to show a relationship between surgical approach and rates of recurrence (data not shown).
Discussion
Recently there has been a trend towards favouring surgery in the treatment of men with high-risk prostate cancer [4] .
Although the open RRP has been the standard for prostate cancer surgery, the robot-assisted technique has gained in popularity and shown similar oncological and functional outcomes to open surgery [14, 15] . However, its use in the setting of high-risk tumours is unclear. To help address these concerns, men with high-risk prostate cancer undergoing open RRP and RARP at UCSF were assessed to compare outcomes. Men undergoing RARP were found to have a shorter hospital stay and less blood loss than men undergoing open RRP. For oncological outcomes, positive margin rates and progression-free survival appeared similar between the two groups. [14, 15] . As a result RARP is becoming the most popular approach for the surgical management of localised prostate cancer and is increasingly being used for men with higher-risk disease.
The present findings of shorter hospital stays and less blood loss with RARP than open RRP have been reported in other studies [8] , and are some of the reasons why this technique has gained in popularity. For pathological endpoints we found higher rates of pathological T-stage, Gleason grade, and extracapsular extension among RRP patients compared with RARP patients, but none of these were statistically significant. However, there were fewer patients with lymph metastases in the RARP group than in the open RRP group. Furthermore, the number of patients who received a lymph node dissection was significantly lower in the RARP group compared with those undergoing open RRP. This was concerning given the high-risk characteristics of these patients. Studies have suggested that for men with moderate-or high-risk disease an extended lymph node dissection provides a diagnostic and perhaps even a therapeutic benefit [18, 19] . However, the present findings are consistent with other studies that have shown a higher likelihood of receiving a lymph node dissection in patients undergoing an open procedure compared with a robotic one [20] . Despite concerns about the ability to perform an adequate lymph node dissection via a robotic technique, most contemporary series have reported equivalent outcomes and lymph node yields between open and robotic approaches [21] . Lower rates of lymph node dissections and nodal yields in the RARP group in the present study may have been secondary to the learning curve of robotic surgery in its early use. This is supported by an increase in the rate of lymphadenectomy in RARP patient's from 15% in 2005 to 73% by 2011. The mean lymph node yield appeared stable over time.
In the present series, more men treated with RARP had a complete bilateral nerve sparing procedure, while more men undergoing open RRP had a non-nerve sparing procedure. It is not clear whether the robotic approach improved the ability to perform a nerve sparing procedure or whether a nerve sparing procedure was attempted more in the robotic approach due to the expectation of the men receiving it. Furthermore, there may have been a perception of lower risk of extracapsular extension based on lower tumour volume on biopsy and a trend towards lower clinical T-stage in the RARP group. In addition, the increased use of MRI in the more contemporary patients, who underwent RARP, may have led to increased nerve sparing in these patients, if they were found to have organ-confined disease regardless of Gleason score or other clinical risk parameters. Despite a significant risk of extracapsular extension in both groups, we failed to find a difference in positive margin status between the two techniques suggesting that inappropriate nerve sparing was not being performed. In addition, it is likely that nerve preservation was incremental in nature from no sparing, to partial sparing and finally complete sparing.
The present findings of similar oncological outcomes between high-risk patients treated with either open or robotic surgery are comparable with other reports. Jayram et al. [22] published a study of 148 men with high-risk prostate cancer treated with RARP and reported a positive margin rate of 20% and a biochemical recurrence rate of 21% over 2 years. Similarly, a study of 69 men aged >70 years with high-risk prostate cancer reported a biochemical RFS of 91% at 12 months and 86% at 36 months [10] . These outcomes are comparable with those reported in open RP series for high-risk tumours, where positive margin rates range from 18% to 57% and 5-to 10-year biochemical RFS ranges from 56% to 80% [6, [23] [24] [25] . Support for this finding is presented by Wambi et al. [11] , who studied 368 high-risk men treated with RARP from various centres and found equivalent biochemical RFS outcomes compared with men treated with open RP. These reports, along with our own, support the finding that RARP can be performed in men with high-risk disease with equivalent oncological results as open RP.
The strengths of the present study included a relatively large sample of men with high-risk cancer features treated with both open and robotic approaches at the same institution. In addition, we were able to assess both pathological and oncological outcomes with complete follow-up. The present study had some limitations, which should be noted. Firstly, RRP and RARP patients appeared to differ in the timing of their treatments with RRP patients primarily being treated before 2006 and RARP patients being treated after 2006. Although this difference in timing may have affected the outcome, we restricted the analysis to patients treated within the last decade to minimise this bias and we also adjusted for the year of surgery. Secondly, positive margin status and the likelihood of prostate cancer recurrence provided assessments of oncological control. However, not all patients who have a positive margin or recurrence will progress or die from prostate cancer.
Although mortality outcomes may be more meaningful we were unable to assess this, as only four men died in the present study making it underpowered to assess mortality outcomes. In addition, the mean follow-up in the open and robotic arms was ª4 and 2 years, respectively. We tried to minimise such a difference by using both PSA level and second treatment endpoints. We also performed a sensitivity analysis using a PSA level of Ն0.05 ng/mL to define prostate cancer recurrence, which failed to show any significant effect of surgical approach on recurrence rates. Longer follow-up in the robotic arm may affect recurrence outcomes seen in this analysis. Finally, there may be some heterogeneity among men in this cohort defined as 'high risk' . However, CAPRA scores appeared similar between the open and robotic groups suggesting that the groups were well balanced in risk assessment.
In conclusion, we found no difference in pathological and oncological outcomes in patients treated with either RARP or open RRP for high-risk prostate cancer at a single, high-volume institution. Therefore, as more men with high-risk prostate cancer move towards surgery, the choice to use an open vs robotic approach should depend on the surgeon and their level of comfort and experience with each approach.
